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H?EE-SPIinrorG-TUHNlL INVESTIGATION OF A ^-SCALE MODEL 
OF THE MCDONNELL XF2S-1 AIRPLANE 
By Theodore Benaan 

SXJMMAEI 

A spin-recovery investigation has "been conducted in the 

Langley 2o-foot free-spinning tunnel on a ~-scale model modified to 

represent the McDonnell XE^H-1 eiirplane. The project included tests 
Both with tip tanks installed and with the tanks removed. 
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The results indicated that the recovery characteristics of the 
airplane would he satisfactory for all loadings hy nonnal recovery 
techniq.ue (full reversal of the rudder, followed l/2 turn later hy 
movement of the elevator down) . The rudder pedal and the elevator 
stick forces likely to he encountered in a spin should he within the 
capahilities of the pilot. 


INTROniCTION 


The Bureau of Aeronautics, Department of the Navy, requested that 
the HACA determine the spin and recovery characteristics of the 
McDonnell XE2H-1 airplane. This airplane Incorporates external tip 
tanks in its design, a trend in recent aircraft. Tests were made to 
deteirmine the effect of these tanks on the spin and recovery charac- 
teristics of the airplane. The XF2H-1 is a development of the 
McDonnell XF2D-1 dual- Jet, single-place, low-wing fighter, a model 
that was tested previously in the Langley 20-foot free-spinning tunnel 
(reference l) and, accordingly, only brief tests were made to evaluate 
the spin and recovery characteristics of the XF2H-1 airplane without 
tip tanks installed. The XF2H-1 is heavier than the ...prevloMa. design 
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and has a different wing section, no horizontal tail dihedral, and a 
different type of elevator balance. The previously tested model of 
the XF2D-1 was modified to represent the XF2H-1 and was used for the 
current tests. The wing was rebuilt and the model rebaUasted, but 
the tail changes were not made as it was felt, on the basis of previous 
experience, that the change in tail dihedral and elevator balance 
would not appreciably affect the spin or recovery characteristics. 

Because of the similarity of the subject airplane and the XF2D-1 

airplane, tests of the --scale model of the XF2H-1 airplane were 

limited to erect spins with tip tanks on and off. Only conditions of 
tip tank empty and tip tank full were simulated because, on the basis 
of reference 2, it was/ felt that, if recoveries were satisfacteary for 
these two loadings, they would also be satisfactory for all inter- 
mediate tip-tank loadings. 


SYMBOIS 


b 

S 

c 

c 

x/c 


z/c 


wing span, feet 
wing area, sq.uare feet 

wing or elevator chord at any station along the span 
mean aerodynamic chord, feet 

ratio of distance of center of gravity rearward of 
leading edge of mean aerodynamic chord to mean 
aerodynamic chord 

ratio of distance between center of gravity and 

fuselage reference line to mean aerodynamic chord 
(positive when center of gravity is below fuselage 
reference line) 


m 


mass of airplane, slugs 


moments of inertia about X, Y, and Z body axes, 
respectively, slug -feet 2 


% - % 
mb^ 

lY - IZ 
mb^ 


inertia yawing-moment parameter 
inertia rolling-moment parameter 
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p 

p 

a 


V 

ft 


a 


P 


inertia pitching-moment parameter 


air density, sing per cubic foot 
relative density of airplane 

angle hetween fuselage reference line and vertical 
(approximately eq.ual to absolute value of angle 
of attack at plane of symmetry), degrees 

angle between span axis and horizontal, degrees 

full-scale true rate of descent, feet per second 

full-scale angular velocity about spin axis, revolutions 
per second 

helix asagle, angle between flight path and vertical, 
degrees (For the tests of this model, the average 
absolute value of the helix angle was approxi- 
mately k°.) 

approximate angle of sideslip at center of gravity, 
degrees (Sideslip is inward when inner wing is 
down by an amount greater than the helix angle-) 



APPAEIATTK AND METHODS 
Model 


The ^-scale model of the XF2D-1 which was available at the 

Langley Laboratory was modified to represent the XF2H-1- Three-view 
drawings of the model as tested and of the airplane are given in 
figures 1 and 2, respectively, and their dimensional characteristics 
are listed in table I. 

The model was ballasted with lead weights to obtain dynamic 
similarity to the airplane at an altitude of 15,000 feet 
(p = 0-001496 slug/cu ft), and a remote-control mechanism was installed 
in the model to actuate the controls for recovery tests- Sufficient 
moments were exerted on the control surfaces during recovery tests to 
insure their full and rapid movements. 
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Wind Tunnel and Testing Tectinlq.ue 

The model tests were performed in the Langley 20-foot free-spinning 
tunnel in a manner -similar, to that descrihed in reference 1. The 
testing pcrocedvire and the technique for obtaining and converting the 
data to full-scale values were the same as those used in reference 1- 


PEEC]SION 


The model test results presented herein are believed to be the 
true values given by th© model within the following limits: 


O', deg * * • 

deg . . 

V, percent 

fl, percent ... 

Turns for recovery: 

Erom films 

Tisual observation . . 


±1 

±1 

±5 

±2 



The preceding limits may have been exceeded for certain spins in 
which it was difficult to control the model in the tunnel because of 
the hi^ rate of descent or because of the wandering or oscillatory 
nattire of the spin. 

Comparisan between spin results of airplanes and corresponding 
models (reference 3) indicates that spin-tunnel results are not always 
in complete agreement with full-scale spin resilLts. This comparison 
indicated that approximately 8o percent of the model recovery tests 
predicted satisfactorily the corresponding airplane turns for recovery, 
approximately 10 percent underestimated, and approximately 10 percent 
overestimated them. 


Because of the impracticability of exact ballasting of the model 
and because of small inadvertent changes during testing, the measitred 
wei^t and mass distribution of the model varied from the true scaled- 
down values by the following amounts: 


Weight, percent 2 low to 1 high 

Center-of -gravity location, percent 5 ....... 3 forward to normal 

Momenta of inertia: 

2 low to 0 

ly 3 low to 8 low 

5 low to 1|- high 
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The limits of accuracy of the measurements of the mass character 
istics are helieved to he: 


Wei^t, percent ±1 

Center -of -gravity location, percent c ±1 

Moments of inertia, percent ±5 


The controls were set with an accuracy of ±1°. 


TEST COKDITIOIilB 


Tests were made to determine the erect spin and recovery character- 
istics of the model in the tank-off, tank -empty, and tank-full conditions 
fca* TnaTciTmim and intermediate control deflections. The mass character- 
istics and inertia parameters of the airplane and of the model as tested 
are shown in table II. The inertia parameters of the XE2H-1 airplane 
anfl of the model as tested are plotted in figure 3- As discvissed in 
reference h, figure 3 can he used as an aid in predicting the effects 
of controls on the spin and recovery characteristics of the model. 

The tail-damping power factor of the XF2H-1 was calculated hy the 
method described in reference 2. 


The maximum ccaatrol deflections used for the current 
Eudder, deg 20 

hiT fttfe.tor , cLe^^ ...... .......... ...... 

Ailerons, deg ............... 

The intermediate control deflections used were: 
Eudder two-thirds deflected, deg ............ 

Elevatco* two-thirds up, deg 

Elevator one-third down, deg .............. 

Ailerons one-third deflected, deg ............ 


tests were: 

rigiht, 20 left 
25 up, 11 down 
20 up, 20 down 




up. 



EESELTS Pm Discussion 


Th(B results of spin tests of the model are presented in charts 1 
to 3 . *Ihe model data are presented in terms of full-scale values for 



6 


MCA EI'l SL9F17 


the airplane at a test altitude of 15^000 feet. Because right and left 
spins are generally similar, data for right spins only are arhitrarily 
presented. 


Tip Tanks Empty 

Spin data obtained with the model simulating tip tanks empty are 
presented in chart 1. The data show that recovery characteristics were 
satisfactory hy rudder reversal alone- It appeared that elevator-up 
settings were somewhat detrimental and that ailerons full against when 
the elevator was up was the control configiuration that gave the slowest 
recovery. Even this slowest recovery was, however, on the verge of 
satisfactory recovery.'^ 


Tip Tanks Eull 

Chesrt 2 ccxntains the results of spin tests with the fully loaded 
wing-tip tanks simulated. The data show that simultaneous reversal of 
the rudder and elevator resulted in satisfactory recoveries hut that 
reversal of the rudder alone did not give satisfactory recoveries - 
Spins were somewhat oscillatory in pitch and aileron-wlth-the-spin 
settings were adverse to recovery. 


Intermediate Tank Loading Conditions 

As previously indicated, intermediate, tank loading conditions were 
not tested inasmuch as figure 4, which is based on reference 2, 
indicated that if recoveries are satisfactory from the tanjfc-empty anri 
tank-full conditions, recoveries should also be satisfacj-^y for all 
intermediate tank-loading conditions by normal use of controls (full 
rapid rudder reversal followed approximately l/2 turn later by move- 
ment of the stick forward of neutral) as all such loadings fall in a 
satisfactory region. 


Aerodynamic Effect of Tanks 

Unpublished data have indicated that external fuel tanks have 
little aerodynamic effect on spin and recovery characteristics and that 
any effect of installation of tanks is primarily due to the mass changes 
accompanying the tank Installation. 
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Tank-Off Condition 

Data obtained from spin tests of the model with tanks off are 
presented in chart 3 . These data were obtained at the end of i^e test 
program with this model and, because of damage din’ing testing, model 
gave asymmetrical results for ri^t and left spins. Inasmuch as the 
model results previously obtained for the tank-on conditions had been 
symmetrical, it was felt that an average of right and left model spin 
teat results would give a proper interpretation of the expected full- 
scale results with tanks off. Accordingly, the averages of the results 
are presented and they indicate satisfactory recoveries at this loading 
by reversal of the rudder. 


Jettisoning of Wing-Tip Tanks 

If any difficulty in recovery is encountered in spins with the 
wing-tip tanks installed, the tanks should be Jettisoned and recovery 
attempted again by ncrmal recovery technlq[ue. Spin-tunnel experience 
has indicated that the Jettisoned tanks will fall clear of the airplane. 


Recommended Eecoveiy Technlq.ue 

On the basis of the test results, the xise of the following spin- 
recovery techniq.ue is recommended for all loadings: 

The stick shoxild be held full back and laterally neutral. The 
rudder should be reversed fully and rapidly against the spin followed, 
approximately l/2 turn later, by movement of the stick briskly well 
forward of neutral while keeping the ailerons neutral. In moving the 
stick forward, care should be exercised to avoid excessive rates of 
acceleration in the ensuing recovery dive. 


Control Forces 

The discussion so far has been based on control effectiveness with- 
out regard to the forces req[ulred to move the controls. Sufficient 
force must be applied to the airplane controls to move them similarly 
in order for the model and airplane results to be comparable. Tests 
in reference 1 showed that the rudder-pedal force of the XF2D-1 in a 
spin would be within the capabilities of the pilot. It is therefca’e 
felt that the rudder-pedal force of the XF2H-1 in a spin will also be 
within the pilot's capabilities inasmuch as the two airplanes have 
similar vertical tails. The elevator stick force was calculated by 
the method of reference 5 assuming unbalanced surfaces. The calcu- 
lations are therefore believed to be somewhat conservative. It 
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was indicated that the elevator stick force wo^lld he of the magnitude 
of 100 pounds, which is somewhat hi^ hut should he within the pilot's 
capabilities. 


CONCLUSIOWB 


Based on the resvilts of spin tests of a ^-scale model representing 

the McDonnell XF2H-1 airplane, the following conclusions are made 
regardi33g spin and recovery characteristics: 

1. Eecovery characteristics of the airplane will he satisfactory 
fcKT all loading condltfons if recovery is attempted hy normal recovery 
technlq.ue, that is, the rudder is reversed fully and rapidly and 
approximately l/2 turn later the elevator is moved down while keeping 
the ailerons neutral. 

2. The control forces encountered in the spin should he within 
the pilot's capahilities . 
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TABLE I.- DIMEBSIOHAL CHARACTERISITCS OF THE McDOKKELL XF2H-1 
KmPLME AID THE :^r-SCALE MODEL TESTED 



Model 

(Full-scale values) 

Airplane 

Over-all length, ft 

39-0 

4o.o 

Wing: 

Span, ft •••••• » 

la. 5 

41.5 

Area, sq. ft » 

294.0 

294.0 

Section, wing-fold . . . » . . ■ . 

NACA 65i-212 

NACA 65i-212 

Incidence, deg ..... 

0 

- 0.5 

Aspect ratio ..... . 

5*9 

5*9 

Dihedral, deg 

6. 0 

3*0 

Mean aerodynamic chord, in. • » » 

88.4 

88.4 

Leading edge of c aft of 
leading edge of root chord, 
in. • 

0 

0 

Ailerons: 

Area aft hinge line, sq. ft . . . • 

l8. 6 

18.8 

Span, percent h/2 


3l^•6 

Horizontal tail surfaces: 


5' 

Total area, sq. ft . 

59.2 

69.9 

Span, ft 

15-9 

18.0 

Elevator area aft hinge line. 



sq, ft ............. 

15-7 

j IT- 7 

Distance from normal center of 

1 


gravity to elevator hinge 



line, ft ... 

l8.6 

18.8 

Dihedral, deg 

15.0 

0 

Vertical tail surfaces: 



Total area, sq^ ft ........ 

39-8 

39.8 

Eudder area aft hinge line, 
sq^ ft 

10.2 

10.2 

Distance from normal center of 
gravity to rudder hinge 
line, ft 

20.3 

20.3 

Tail- damping power factor .>..... 

0.000528 

0.000463 




• • • • • » 

• • « • « • 
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TABLE II.- MASS CHARACTEEISTICS AMD MASS PARAMETERS POSSIBLE FOR THE 
MoDOMMELL XF 2 E -1 AIRPLAME AMD TESTED OR THE SIMULATED ^-SCALE MODEL 


JJfcanents of inertia are atout center of gravity, model Teilnes oonverted to full soal^ 


Nimber 

(same 

as 

fig- 3 ) 

Loadliig 

VeigHt 

(It) 


Center-of~ 

gravity 

location 

Mamente of Inertia 
(slug-ft^) 

Mass parameters 

Sea 

level 

15,000 

feet 

x/c 

z/c 


% 


% ■ % 
mb^ 

% ■ Iz 

mb^ 

Iz - % 

mb^ 


Airplane values 

1 

Clean 

condition 

16,773 

l 8.0 

28.5 

, 0.240 

0.080 

16,413 

24,348 

38,380 

-89 X 10"^ 

-157 X 10"^ 

245 X lO"**- 

2 

Tip tanks 
on and 
empty 

17,173 

18.3 

29.1 

.240 

.080. 

22,252 

24,348 

44,219 

-23 

-215 

238 

3 

I 

Tip tanks 
on and 
full 

19,573 

20.9 

33.2 

.240 

.080 

56,564 

.25,288 

78,995 

297 

-510 

213 



Model values 

1 

Clean 

condition 

16 , 7 W 

17-9 

28.4 

CM 

CVl 

.080 

16,1& 

24,346 

38,737 

-91 X 10“^ 

■ 

-i6l X lo"**- 

252 X 10’^ 

2 

Tip tanks 
on and 
empty 

l6,9hz 

18.1 

28.7 

’ .210 

.084 

22,334 

22,753 

42,918 

-5 

-222 

226 

3 

Tip tanks 
on axxd 
full 

19,778 

21.1 

33-6 

.237 

.070 

55,892 

26,162 

80,076 


-507 

228 
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CHART 1*- SPIN AND RECOVERY CHARACTERISTICS OP THE SIMULATED ^-SCALE MODEL OF THE 
MoDONNELL XF2H-1 AIRPLANE WITH THE WiNG-TiP TANKS ON AND EMPTY 

QK>adlng point 2 on table II and figure 3; flaps neutral; cockpit closed; recovery attefflpted 
by rapid full rudder reversal except as noted (recovery attempted from, and steady- spin 
data presented for, rudder-wlth spins); right erect spinal 




®Spln oscillatory In roll, pitch, and yaw. 
^ values or average value given, 
necovery attempted before model In final, 
steeper attltuae. 

^Recovery attempted by reversal of rudder 
from full with to 2/3 against the spin, 
anderlng, whipping spin. 


Range of 

Model values 
converted to 
corresponding 
full-scale values. 
U inner wing up 
D inner wing down 
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CHART 2.- SPIN AND RECOVERY CHARACTERISTICS OP THE SIMULATED ^SCALE MODEL OP THE 

MoDONNELL XP2H-1 AIRPLANE WITH THE WINQ-TIP TANKS FULLY LOADED 

(Loading point 3 on table II and figure 3: flaps neutral; cockpit closed; recovery attempted by 
rapid rudder reversal except as noted (recovery attempted from, and steady«>8pln data presented 
for, rudder^with spins); right erect spins) 



pandering spin, oscillatory In pitch, 
*^ecovery attempted by simultaneous full 
reversal of the rudder and elevator* 
Recovery attempted by reversal of rudder 
from full with to 2/3 against the spin. 
<^Recovery attempted by simultaneous reversal 
of the rudder from full with to 2/3 against 
the spin and the elevator from full up to 
1/3 down. 


Model values 
converted to 
corresponding 
full-scale values. 
U inner wing up 
D inner wing down 
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CHART 3 .- SPIN AND RECOVERY CHARACTERISTICS OF THE SIMULATED ^SCALE MODEL OF THE 

MoDONNELL XF2H-I AIRPLANE IN THE TANK-OFF CONDITION 

{leading point 1 on table II and figure 3> flaps neutral; cockpit closed; recovery attesipted by 
rapid full x*udder reversal except as noted (reoove^ attempted frcm» and ateady«>8pin data 
presented for rudder-wlth spins); right erect splnij 



^Recovery attempted by reversal of rudder from 
-K full with to 2/3 against the spin, 
recovery attempted before model In final steeper 


Visual observation. 


Model values 
converted to 
corresponding 
full-scale values. 


U inner wing up 
D inner wing down 
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Figure 2.- Three-view drawing ot the McDonnell XF2H-1 air- 
plane. Dimensions are Tor a^o'Scale model in i nches.Center 
of gravity is shown tor the empty tip-tanKs loading- 


Relot ive mass distribution 
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RgureS.- Mass parameters possible an the McDonnell 
XF2H-1 oirpiane and tested on the smrula1ed^-scole 



TD.PF 


{ ••••« 


Region for sotisfacnory 
recovery by rudder j 
reversal alone ^ 


TonKs 

emptyj- 

. , J 


Tanks off- 


Region for satisfactory 
recovery by simultaneous 
reversal of both rudder 
and elevator 


Tanks ful 


Unsatisfactory region 


-340 


Ix"Iy 


“320x16"^ 


Figure 4.“Spm design requirements. 
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